Objective To investigate whether patterns of swallowing diffi culties were associated with the location of the brain lesion, cognitive function, and severity of stroke in stroke patients. Method Seventy-six patients with fi rst-time acute stroke were included in the present investigation. Swallowingrelated parameters, which were assessed videofluoroscopically, included impairment of lip closure, decreased tongue movement, amount of oral remnant, premature loss of food material, delay in oral transit time, laryngeal elevation, delay in pharyngeal triggering time, presence of penetration or aspiration, and the amount of vallecular and pyriform sinus remnants. The locations of brain lesions were classified into the frontal, parietotemporal, subcortical, medulla, pons, and cerebellum. Th e degree of cognitive impairment and the severity of stroke were assessed by the Mini Mental Status Examination (MMSE) and the National Institute of Health Stroke Scale (NIHSS), respectively. Results An insufficient laryngeal elevation, the amount of pyriform sinus, and vallecular space remnant in addition to the incidence of aspiration were correlated with medullary infarction. Other swallowing parameters were not related to lesion topology. Lip closure dysfunction, decreased tongue movement, increased oral remnant and premature loss were associated with low MMSE scores. A delayed oral transit time were associated with NIHSS scores. Conclusion In-coordination of the lip, the tongue, and the oropharynx were associated with the degree of cognitive impairment and the stroke severity rather than with the location of the lesion, whereas incomplete laryngeal elevation and aspiration were predominant in medullary lesions.
INTRODUCTION
Post-stroke dysphagia is a very common problem; previous studies have reported that 50% of acute stroke patients experience dysphagia. 1, 2 The rate of ongoing dysphagia differs depending on the method used to assess the patients. A clinical assessment done 6 months after a stroke revealed that 6-11% of patients still experi-www.e-arm.org enced symptoms of dysphagia, 3, 4 and when assessed with a videofluoroscopic swallowing study (VFSS), 28-50% of the patients were confirmed to have dysphagia. 4 It is recognized that for many patients, dysphagia is transient and resolves spontaneously after stroke. 3 It is known that swallowing problems following acute stroke are common, and it has been documented that dysphagia in these patients may persist, resolve and then recur, or develop later in their history. 3, 4 Patients with dysphagia have a high incidence of malnutrition, dehydration, aspiration pneumonia, and mortality. 5 Hence it is very important to assess patient for dysphagia inthe initial stages of stroke. 5 Dysphagia in stroke patients causes enormous problems such the aforementioned complications, but many aspects of the neurophysiological mechanism of dysphagia have not yet been revealed. Even though it is an established fact that cerebral cortical infarction can cause dysphagia, it is still controversial which of the two hemispheres has a more important role in swallowing, and which hemisphere that is injured is likely to cause the specifi c patterns of dysphagia seen in stroke patients. 6 Patients with lesions in the left hemisphere usually have problems in the oral phase, however patients with lesions in the right hemisphere exhibit problems with the pharyngeal phase and in particular, with aspiration. 6, 7 Furthermore, dysphagia lasts longer in those who have lesions in the right hemisphere than in the left. 3 On the other hand, some other studies have shown no laterality by lesion location. 8 A few previous studies reported that in brain stem lesions cases, impairment of the pharyngeal stage clearly is associated with this type of lesion, with the higher potential of having decreased laryngeal elevation and pharyngeal triggering time delay, 9 and impairment of upper esophageal sphincter opening occurring in lateral medullary lesion. 10 Nevertheless, other studies have reported that brain stem and cerebellar lesions have no statistical signifi cant association with the incidence of dysphagia. [11] [12] [13] As well, many confl icting studies about the lesion location and pattern of dysphagia relationship exist.
There is an argument that aphasia and hemineglect may also be related to dysphagia along with the lesion location. 7 It was demonstrated that hemispatial neglect is related to initial dysphagia, but aphasia is unrelated to initial dysphagia. 14 Th erefore, the eff ect of lesion location and cognitive impairment of stroke patients on the patterns of dysphagia is still not clear, and in most of the studies about dysphagia, patients with aphasia and severe cognitive impairment were excluded; so there is a possibility that the relationships between those factors and dysphagia have not been properly assessed. The purpose of this study was to study the patterns of dysphagia in every swallowing phase with VFSS, and to determine which factors, including lesion location, cognitive function, clinical characteristics (age, gender, and severity of stroke) are associated with the patterns of dysphagiain stroke patients.
MATERIALS AND METHODS

Subjects
Subjects of this study were the acute and subacute stroke patients who had undergone a VFSS in the Physical Medicine & Rehabilitation Department from January 2009 to December 2010 in Korea University Anam Medical Center. VFSS was done to screen for dysphagia or when a patient was referred for evaluation of swallowing difficulty. The diagnosis of stroke was limited to the cases in which cerebral infarction or hemorrhage had been verified by computed tomography (CT) or magnetic resonance imaging (MRI). Among them, patients with bilateral stroke, other diseases which could cause dysphagia, a previous history of old stroke or dementia, missing results of CT or MRI, and lesions which could not be classified such as subarachnoid hemorrhage (SAH) were excluded from the study. Patients whose VFSS were performed more than 30 days after stroke onset and those who were unable to perform an appropriate study due to their poor cooperation were also excluded from the study. Exclusion criteria also included cases in which the duration between the K-NIHSS and VFSS evaluations, and the K-MMSE and VFSS evaluations was longer than 2 weeks. A total of 76 patients satisfi ed the criteria and were chosen for study, and the data about these patients were collected retrospectively from the medical records.
Methods
Review of the medical records:
The medical records and test results of the patients were reviewed retrospectively and their demographic and clinical characteristics were recorded parameters, such as the patient's age, gender, brain lesion laterality (left or right), type of stroke www.e-arm.org (ischemic or hemorrhagic), duration between onset of stroke and the performance of VFSS (number of days), initial severity of stroke as recorded according to the Korean version of the National Institutes of Health Stroke Scale (K-NIHSS) 15, 16 and duration between K-NIHSS and VFSS evaluations were investigated. Results of the Korean version of the Mini-Mental Status Examination (K-MMSE), [17] [18] [19] which assessed the patient's cognitive function, were examined and duration between K-MMSE and VFSS evaluations was checked; the results of the Korean version of the modifi ed Barthel Index (K-MBI), 20, 21 which assesses the independent performance of daily living activities, were also investigated. Th e K-NIHSS and MMSE scores of the tests that had been performed most closely to the date of the VFSS were chosen and included in the study. Videofluoroscopic swallowing study: Physical Medicine and Rehabilitation department conducted the VFSS by following a partly modified Logerman's. 22 Subjects were seated then the fluoroscopy was performed as the patients swallowed barium mixed with orange juice, yogurt, thick gruel and rice. Th e studies carried out with the orange juice and yogurt were done with 2 different volumes, 2 and 5 ml. Each of the food was mixed with undiluted liquid barium for the proper bolus observation during the fluoroscopy. And when necessary, postural changes such as chin tuck positioning, head rotation, and head tilting or swallowing maneuvers such as supraglottic swallowing and the Mendelsohn maneuver were employed.
Interpretation of VFSS:
In the oral phase, functions such as lip closure, bolus formation, mastication, tongue base contact to the pharyngeal wall, tongue thrust, and premature bolus loss along with the oral transit time of the bolus were assessed. In the pharyngeal phase, laryngeal elevation or epiglottic movement, aspiration or penetration of the respiratory tract, remnants of vallecular space and pyriform sinus after swallowing were assessed, and pharyngeal transit time of the bolus, pharyngeal triggering time until the swallowing reflex appeared were observed. Each individual finding was assessed based on the presence or absence of an abnormal fi nding. Less than 1.25 seconds was considered a normal transit time of the bolus in the oral phase, and when it took longer, was judged abnormal. When the food entered the respiratory tract but did not pass into the true vocal fold, it was determined to be penetration, when the food otherwise passed into the true vocal fold, it was determined to be aspiration. As for pharyngeal triggering time, determined to be the time until the swallowing reflex appearance, a time of less than 0.4 seconds was considered normal. With respect to the pharyngeal transit time, less than 1 second was considered normal. Th e amount of remnants in the vallecular space and pyriform sinus were assessed as minimal, moderate and large; a minimal amount was considered to be normal and moderate and large amount were considered to be abnormal. We concluded the oral phase to be problematic if there was at least one lip closure abnormality in, tongue movement, oral remnant, premature loss, or oral transit time, and the pharyngeal phase to be dysfunctional if there were more than one abnormality in laryngeal elevation, pharyngeal triggering time, vallecular space or pyriform sinus remnant, penetration, or aspiration.
Classification of brain lesion location: After analyzing the results of the brain CT or MRIs of the patients upon their visit to the hospital, the lesions were classifi ed into two main divisions, supratentorial and infratentorial. Lesion location classification was conducted using Steinhagen's method, and among the lesion classifications, lesions involving the upper motor neurons of the cranial nerves were excluded because it is difficult to differentiate those from pontine infarction using MRI. 10 Th e supratentorial lesions were divided into frontal lobe, parietotemporal lobe, and subcortical lesions, and the infratentorial lesions were divided into the pontine, medullary, and cerebellar lesions. Altogether there were 6 types of lesions. Lesions located in more than one position were multi-counted.
Statistical analysis
In the 6 groups that were formed on the basis of lesion locations, in order to assess whether clinical characteristics such as lesion location, laterality (left or right), gender, age, cognitive impairment and severity of stroke were independent variables in predicting the patterns of dysphagia, while controlling other possible confounding variables, corresponding rates of the findings were calculated. In order to achieve this, we set each VFSS fi nding as an independent variable, and the corresponding rate of each, 95% confi dence interval and equivalent p-value, which was calculated with a multivariate logistic www.e-arm.org regression analysis method. A p-value of less than 0.05 was considered statistically signifi cant. For all statistical analyses, SPSS for Windows 15.0 was used.
RESULTS
Among the 76 patients, 41 were male and 35 were female with a mean age of 66.4±10.9 years. The median duration from onset of stroke to VFSS was 12 days. The median time interval between K-NIHSS evaluation and VFSS was 2 days, and the time interval between MMSE evaluation and VFSS was 2 days.
Th e demographic and clinical characteristics of the 76 patients are shown in Table 1 , and the characteristics of the 6 groups which had been classifi ed by location of brain lesion are shown in Table 2 .
One of the most important aspects of dysphagia is aspiration into the respiratory tract; the aspiration frequency rates in the 6 groups in descending order were as follows: medulla (45.5%), parietotempotal lobe (26.9%), frontal Interval between onset of stroke and VFSS, days, median (minimum-maximum)
12 Interval between VFSS and K-NIHSS, days, median (minimum-maximum)
Interval between VFSS and K-MMSE, days, median (minimum-maximum) Interval between VFSS and K-NIHSS, days, median (minimum-maximum)
Interval between VFSS and K-MMSE, days, median (minimum-maximum) www.e-arm.org lobe (24.0%), pons (23.1%), cerebellum (16.6%), and subcortical lesion (13.5%) (Fig. 1) . Among the groups that had been classified by lesion location, the incidence of aspiration was the highest in the medulla group (45.5%). Amongst the supratentorial lesions, aspiration incidence was highest in the parietotemporal lobe lesions. Additionally, it was apparent that lesion laterality had no association with any of the measures of dysphagia.
From the results of VFSS, factors relevant to dysphagia in the oral phase are described in Table 3 . Dysphagia patterns in the oral phase had no relation to brain lesion location, but they were related to cognitive function and initial stroke severity. Lip closure dysfunction was related to the K-MMSE score (p=0.024). In other words, cognitive dysfunction was related to a higher incidence of lip closure dysfunction. There was a negative correlation between the incidence of tongue movement dysfunction and the K-MMSE score (p=0.001). The volume of the remnants in oral cavity was related to the K-MMSE score (p=0.017). Prolongation of oral transit time was seen more frequently as the K-NIHSS score increased (p=0.018). Th e factor related to premature bolus loss into the pharynx was the K-MMSE score (p=0.007).
In addition, factors which cause problems in the pharyngeal phase as observed with VFSS are described in Table 4 . Problems in the pharyngeal phase were mainly related to medullary lesions. Decreased laryngeal elevation was related to two lesion areas, the medulla (p=0.000) and the parietotemporal lobe (p=0.041). It was also related to the K-MMSE (p=0.005). Th erefore, on the basis of these findings, we can predict that decreased laryngeal elevation is likely to occur in patients with cognitive dysfunction and in patients who have lesions in these two areas. Aspiration was more frequent in the patients with medullary lesions (p=0.001), aspiration in these patients was seen 8 times more frequently than in the other groups. Th ere was an increase in the frequency of remnants in the pyriform sinus after swallowing in the Fig. 1 . Frequency of aspiration according to the brain lesion. The aspiration frequency rates in the 6 groups in a descending order were as follows: medulla (45.5%), parietotempotal lobe (26.9%), frontal lobe (24.0%), pons (23.1%), cerebellum (16.6%), and subcortical lesion (13.5%). P-T: Parietotemporal. www.e-arm.org cases with the medullary lesion group (p=0.019). Related to frequency of remnants in the vallecular space, importantly related factors were the presence of two brain lesions, the parietotemporal lobe (p=0.047) and the medulla (p=0.046). With respect to the patient's gender, type of stroke (ischemic or hemorrhagic), and lesion laterality, we were unable to show any statistical signifi cance to predict dysphagia patterns.
DISCUSSION
Normal swallowing involves the harmonious coordination of the oral, pharyngeal and esophageal phases. It has been argued that the location of a lesion is more important than the size or laterality of a lesion in predicting aspiration.
Studies related to dysphagia patterns in subcortical lesions showed that the occurrence of dysphagia was more frequent in left subcortical-periventricular lesions than in the right-sided ones, and a prolongation of oral transit time was the main problem. 23 In a previous study, dysphagia patterns were assessed using fi beroptic endoscopic evaluations of swallowing (FEES). The study revealed that oral apraxia was present in left parietotemporal lobe lesions, impairment of the upper esophageal sphincter opening was found in lateral medullary lesions, and other swallowing measures had no relation to the location of the lesion. 10 In contrast to this study, another study demonstrated that brain stem lesions showed no relation to dysphagia. 11 Moreover, some other studies 12, 13, 24 demonstrated that brain stem and cerebellar lesions had no statistical signifi cant association with a high incidence of dysphagia. Based on the results from the present study, we can draw a conclusion that the factors which aff ect the pharyngeal phase are the lesion location in the medulla and parietotemporal lobes. Similar to the findings of previous studies, our study showed that brain stem lesions, especially medullary lesions, were an independent factor associated with decreased laryngeal elevation, increased aspiration, and increased volumes of remnants in the vallecular space and pyriform sinus after swallowing. It was again confirmed that the medullary lesion location plays a positively associated role with dysphagia in the pharyngeal phase and when confounding variables (such as patient's age, gender, stroke severity, and cognitive dysfunction) are controlled.
Other than a medullary lesion, a parietotemporal lobe lesion turned out to be related to a reduced laryngeal elevation and remnants in vallecular space. Patients with lesions in the parietotemporal lobe, showed a higher percentage of stroke in the middle cerebral artery area. In many circumstances, a lesion that occupies both the primary motor and sensory cortex has either a high possibility of pharyngolaryngeal muscle hypomotility with dyskinesia or oral with pharyngeal sensory integration problems. Th is may demonstrate a reduced laryngeal elevation and remnants in the vallecular space for lesions in the pareitotemporal lobe cases. Th ere also is a possibility that the involvement of corticobulbar tract, the fi ber that connects the cerebral cortex and brainstem, may have caused the problem in laryngeal elevation.
None of the other dysphagia variables could be predicted on the basis of brain lesion location. In this study, most of the patients had lesions in multiple locations. As the lesion locations were multi-counted, the limitation of the present study was that the characteristics and the incidence of dysphagia between the groups could not be directly compared.
Special attention should be paid to the factors involved in the prediction of dysphagia variables in the oral phase. Th e problems of the oral phase occurred more frequently when the initial stroke damage was more severe and cognitive dysfunction was of a greater degree. In other words, even though there may be no aspiration during pharyngeal phase, failure of the tongue and lip to move harmoniously together or a greatly prolonged oral transit time can be an important factor for considering the insertion of a nasogastric or gastrostomy tube in a patient to ensure adequate nutrition. Th e factor associated with lip closure dysfunction and decreased tongue movement in the oral phase was the K-MMSE score. Also prolonged oral transit time could correlate with the K-NIHSS score. Th erefore, it would be appropriate to conclude that factors causing problems with swallowing in the oral phase are cognitive dysfunction, and the initial severity of stroke. Otherwise the brain lesion location has the least relation to oral phase dysfunction.
It is well-known that in elderly patients, various physiologic changes resulting from aging and cognitive decline can bring about swallowing dysfunction. In older patients, delays in the transfer of the bolus through the www.e-arm.org oropharynx, and problems in the opening of the upper esophageal sphincter may occur. 25 Esophageal motility problems can also be associated with older age, and reduced lingual pressure, reduced tongue strength, mastication problems secondary to dentition issues, slower swallowing, and increased refl ux events are also related to older age. 26, 27 We considered that age could be potentially linked to swallowing dysfunction, but in our study, it was not a statistically signifi cant factor for the VFSS parameters. But age itself may act as an independent variable in causing dysphagia, so special attention is needed when assessing swallowing problems in elderly patients.
In our study, we used the K-NIHSS for the evaluation of the initial severity of the stroke, but this scale was designed to assess supratentorial brain lesions, and for that reason the K-NIHSS might be a less appropriate scale for the assessment of dysphagia patients who have infratentorial lesions. 28 Additionally, since some items of the K-NIHSS relate to the cognitive function of the patient, 29 there is increased possibility that these patients with higher K-NIHSS scores have cognitive dysfunction. Given that the patients with high K-NIHSS tend to have dysphagia in the oral phase, cognitive function seems to be an important factor related to dysphagia. To investigate the effect of cognitive function on dysphagia, our present study, unlike most of the other studies on stroke patients, included the cases in which the K-MMSE score was remarkably low. On the other hand, our study excluded cases in which the lesion location could not be classified according to our classification system, such as subarachnoid hemorrhage and bilateral stroke. Subsequently, there may be a chance that our study eliminated cases of serious cognitive dysfunction or serious brain damage due to SAH or bilateral stroke. Therefore, we cannot exclude the possibility that the impact of cognitive function or severity of stroke on dysphagia might have been underestimated in our study. Considering the afore-mentioned limitations along with the results from the present study, cognitive function could emerge as an important factor causing dysphagia in the oral phase.
In our study, the patient's cognitive function was assessed with the K-MMSE, a test which is simply carried out along the bedside. Due to the simplicity of the test, our present study has the limitation that a defi nite conclusion cannot be made about the domain of cognitive impairment that relates to dysphagia in the oral phase. In a study by Stephens et al., 30 in which the subjects' mean age was 80, the authors argued that since slight cognitive impairment cannot be entirely assessed by the MMSE, more specialized cognitive tests should be used, and poor attention has a relationship with the patient's functional prognosis. Th erefore, there is a possibility that in our study the impact of cognitive function on the patterns of dysphagia might have been underestimated or distorted, because the patients with average K-MMSE scores in our study might have cognitive dysfunction in specific domains only accessible by specialized cognitive tests. In addition, another limitation of this study is the small number of subjects. When the size of subjects is small and if the subjects are analyzed by grouping, the possibility of error becomes higher. Therefore it will be necessary to explore the relationships between specifi c cognitive test results and patterns of dysphagia through prospective studies carried out in the future.
CONCLUSION
Post-stroke dysphagia is a problem which causes malnutrition, dehydration and aspiration pneumonia, and it is the main reason for patients to receive nutrition via the nasogastric tube and gastrostomy. In this study, particularly in medullary lesions, pharyngeal problems such as aspiration, increase of remnants in the pyriform sinus after swallowing, and reduced laryngeal elevation were found. In brain lesions involving other areas, patterns of dysphagia cannot be predicted. The most important factor for predicting problems in the oral phase was the patient's cognitive function.
When a patient's cognitive dysfunction is severe, the incidence of oral phase dysphagia, such as reduced tongue movement, increased oral remnants, premature bolus loss, increases; therefore, dysphagia assessment is important not only for patients with a medullary lesion but also for patients who have cognitive impairment.
